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where it extends caudally to and reaches the Wolffian duct
(WD) by TS22. Upon contact with the WD, the MD elongates
to the cloaca separating theWD from the CE and its formation is
complete by TS34. During its elongation, the MD is associated
with and dependent upon the WD and we have identified the
mechanism for MD elongation. Using the Rosa26 reporter to
fate map the WD, we show that the WD does not contribute
cells to the MD. Using an in vitro recombinant explant culture
assay we show that the entire length of the MD is derived from
the CE. Furthermore, we analyzed cell proliferation and
developed an in vitro assay to show that a small population of
cells at the caudal tip proliferates, laying the foundation for the
formation of the MD. We also show that during its formation,
the MD has a distinctive mesoepithelial character. The MD in
males regresses under the influence of anti-Müllerian hormone
(AMH). Through tissue-specific gene inactivation we have
identified that Alk2 and Alk3 and Smad1, Smad5 and Smad8
function redundantly in transducing the AMH signal. In females
the MD differentiates into an epithelial tube and eventually the
reproductive tract. Thus, the MD utilizes a unique form of
tubulogenesis and to our knowledge is the only tubule that relies
upon a signal from and the presence of another distinct
epithelial tube for its formation.
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Loss of Sonic hedgehog (Shh) function during embryonic
development leads to a suite of congenital malformations,
including holoprosencephaly, limb reduction, persistent cloaca,
and agenesis of the external genitalia. During normal develop-
ment of the urogenital system, Shh is expressed throughout the
hindgut endoderm and has been proposed to act as an
organizing signal during development of the external genitalia.
In order to examine the temporal role of Shh signaling during
anogenital development, we employed a conditional knockout
system that allows for the spatially- and temporally-controlled
removal of Shh signaling. We utilized mice with a tamoxifen-
inducible form of cre-recombinase knocked into the Shh locus
and crossed these to mice homozygous for a conditional allele
of Shh. Injection of pregnant dams before, during, and after
initiation of genital tubercle outgrowth allowed for an
examination of Shh function over the course of external genital
and anorectal formation. Our results indicate that Shh is
required during the first two phases of genital tubercle
development (early outgrowth and dorsoventral patterning of
the phallus), but is not required during sexual differentiation of
the penis and clitoris. Early removal of Shh function also results
in improper partitioning of the cloaca. Failure of these embryos
to form a bilaminar urethral plate is a secondary consequence of
a disruption to cloacal morphogenesis. Removal of Shh at later
time points leads to severe ventral hypospadias, uncovering a
later role for Shh during urethral tube formation and in
dorsoventral patterning of the genital tubercle.
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Sexual mosaic experiments have led to the idea that somatic
sex determination in Drosophila is in a cell-autonomous
manner. In contrast, mammalian somatic sex determination is
controlled in a cell non-autonomous manner. We demonstrate
that cell non-autonomous sex determination plays a role in
sexual dimorphism in the Drosophila gonad. Sexual dimorph-
ism in the Drosophila embryonic gonad is seen in three male
specific somatic cell types: hub cells, male-specific somatic
gonadal precursors (msSGPs), and pigment cell precursors. We
used the UAS-Gal4 system to create sexual mosaic gonads to
determine the role of cell autonomous or cell non-autonomous
sexual differentiation cues in each of these cell types. We find
that hub cells require male identity themselves to populate the
stem cell niche, consistent with cell autonomous sex determi-
nation.However, we find that male development of the msSGPs
is independent of msSGP sex; these cells can follow male or
female development regardless of their own sex. Our data also
indicate that a male specific survival signal is required from
other cells in the gonad to non-autonomously regulate sex-
specific development in the msSGPs. Other work from our
laboratory has shown that male development of the pigment cell
precursors is regulated cell non-autonomously, requiring a male
specific signal from other gonad cells. Thus, sexual dimorphism
in the Drosophila gonad can be regulated in a cell non-
autonomous manner. In addition, we will present our analysis of
the role that doublesex, a key sex determination gene, plays in
the development of these cell types.
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